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CRITERION 428
POLYMER SEALSIN RADIOLOGICAL SERVICE

1.0 PURPOSE

The purpose of this criterion is to establish the minimum requirements and best
practices for maintaining polymeric sedsin radiologica service.

This document addresses the requirements of LIR 230-05-01, “Operations and
Maintenance Manud.” (Reference 1)

2.0 SCOPE

The scope of this criterion is to address preventive maintenance of polymer (e.g.,
Teflon) seals when they are exposed to cumulative levels of radiation of 10* rads or
greater and provide a barrier to confine hazardous materids.

The LANL complex has approximately 18 nuclear facilities and 59 radiological
facilities. Each of these facilities uses seds on vaves, pipe'tubing joints, and rotating
shafts.

This criterion does not address corrective maintenance actions required to repair or
replace equipment. Glovebox gloves are excluded from the scope of this criterion.

3.0 ACRONYMSAND DEFINITIONS

31 Acronyms
AR Adminigrative Reguirements
CFR Code of Federd Regulations
CMMS Computerized Maintenance Management System
EPDM Ethylene Propylene Diene Monomer
LIR Laboratory Implementing Requirement
LIG Laboratory Implementing Guidance
O&M Operations and Maintenance
PP& PE Persond Property and Programmatic Equipment
RAD Radiation Absorbed Dose
RP&IE Red Property and Ingtaled Equipment
SSC Structures, Systems, and Components
TFE Terefluoroethylene (e.g., Teflon™)
ucC Univeraty of Cdifornia
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Definitions

Elastomer: A polymeric materid, such as a synthetic rubber or plastic, which a room
temperature can be stretched under low stressto at least twice its origina length and,
upon immediate release of the stress, will return with force to its gpproximate origina
length. (Reference McGraw-Hill Dictionary of Science and Technology Terms 5" Ed.)

Polymer: A substance made of giant molecules formed by the union of smple
molecules (monomers). (Reference McGraw-Hill Dictionary of Sci and Tech Terms
51 Ed.)

Rad: A unit of absorbed dose equa to 100 ergd/g.

Seal: Devisefor closng agap or making ajoint fluid tight.

Seal, Dynamic: Sedling between surfaces that have relative movemen.

Seal, Static: Seding between surfaces that do not move relative to one ancther.
Teflon: Generd trademark of the Du Pont Company for its fluorocarbon polymer.

RESPONSIBILITIES
FWO-Systems Engineering and Maintenance (SEM)

Responsble for the technica content of this criterion and ng the proper
implementation across the Laboratory.

Provide technica assistance to support implementation of this criterion.
Facility M anager

Responsble for operations and maintenance of ingtitutional, or Red Property and
Ingtalled Equipment (RP&IE), in accordance with the requirements of this document.

Responsible for operations and maintenance of those Persond Property and
Programmatic Equipment (PP& PE) systems and equipment addressed by this
document that may be assigned to the FM in accordance with the FMU- specific
Facility/Tenant Agreement.

Responsible for system performance anadlysis and subsequent replacement or

refurbishment of RP& | E and assigned PP& PE based on sound life cycle andysis
techniques and system-specific performance requirements.
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5.2
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Programmatic Group Leaders

Responsible for system performance andysis and for implementing operationd and
mai ntenance surveillance programs including the preparation and maintenance of
required procedures and documentation for PP& PE under their jurisdiction thet is
covered by this criterion.

PRECAUTIONSAND LIMITATIONS

Precautions

This section is not intended to identify al applicable precautions necessary for
implementation of this criterion. A compilation of al goplicable precautions shdl be
contained in the implementing procedure (s) or work control authorization documents.
The following precautions are intended only to assist the author of a procedure or
work control document in the identification of hazards/precautions that may not be
immediately obvious.

Follow an approved Work Package or Hazard Control Plan when inspecting or
replacing irradiated sedls.

Limitations

Theintent of this criterion isto identify the minimum generic requirements and best
practices for SSC operation and maintenance across the Laboratory. Each user is
responsible for the identification and implementation of additiond facility- goecific
requirements and recommendations based on their authorization basis and unique
equipment and conditions, (e.g., equipment history, manufacturer warranties,
operating environment, vendor O& M requirements and guidance, €tc.).

Nuclear facilities and moderate to high-hazard non-nudear fadlitieswill typicaly
have additiond facility-pecific requirements beyond those presented in this criterion.
Nuclear facilities shal implement the requirements of DOE Order 4330.4B (or

10 CFR 830.340, Maintenance Management, when issued) (Reference 2) asthe
minimum programmeétic requirements for a maintenance program. Additional
requirements and recommendations for SSC operation and maintenance may be
necessary to fully comply with the current DOE Order or CFR identified above.

Because of the damage caused by radiation, polymeric sedls have limited valuein high
radiation applications. Detailed polymer and meta sedl application information can
be found in the Facility Engineering Manua, Chapter 6. (Reference 8)
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REQUIREMENTS

Minimum requirements thet criterion users must follow are specified in this section.
Reguested variances to these requirements must be prepared and submitted to FWO-
SEM in accordance with LIR301-00-02, “Variances and Exceptions to Laboratory
Operations Requirements’ (Referenced) for review and approvad. The
implementation of these requirements will ensure that the subject SSC is maintained

in accordance with contractud requirements. The criterion users are responsible for
analysis of operationa performance and SSC replacement or refurbishment based on
thisanadyss The requirements contained in this section are driven by laws, codes,
contractua requirements, engineering judgement, safety matters, and operations and
mai ntenance experience.

Operations Requirements

A graded approach shall be used for operations with polymeric sealing materids that
are utilized in radioactive environments. A consarvative estimate shal be made of the
accumulated dose that will be incurred on the component during its operating lifetime
in the radiation environment. If the conservative estimate of the doseislessthan one
haf of the damage threshold for amaterid that provides a safety barrier whose failure
could result in the release of radioactive contamination, then no inventory of the item
is required and no actions other that routine maintenance and replacement of theitem
IS required.

If the polymer sealing materia used in a process operation does not provide a direct
safety barrier, or the conservative estimate of the accumulated dose over the
components intended lifetime is less than the damage threshold, then no further
actions are required except the execution of the routine maintenance program.

For polymeric seadling materids that provide a safety barrier and the estimate of the
accumulated dose exceeds one hdf of the damage threshold or polymeric sedling
meterials in process gpplications where the estimated dose exceeds the damage
threshold, then amore extensive program of inventory, tracking, and management is
required. All affected polymeric components shdl be inventoried and a database of
these components shdl be maintained. Methods shdl be implemented for the
determination of the length of suitability of the materia for service. Methods should
incorporate a direct measurement of the radiation if possble. Where adirect
measurement of the dose is not possible other methods, such as function testing, to
determine that the continued integrity of the barrier materid shdl be implemented.

In Stuations where high doses are potentidly incurred, it is best practice to provide
multiple barriers to minimize the incurred dose. Thisincudes items such asfilterson
extraction lines between the glovebox and a polymeric sealing materid in avave or
coverings and coatings for other seding surfaces.
Basis Sedsthat could fail and not lead to unacceptable rel eases are outside of
the scope. Notice 51 (Reference 10.4) requires identification of Teflon
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because it was the materid that failed in the bal vave in the 3/2000
TA-55 incident; yet, asmilar failure could occur with any polymer as
they al sustain damage due to radiation; however, their resistance to
radiation damage may be such that 10* in air is too low a threshold for

concern.
M aintenance Requirements

Sedls and seding materid that are inventoried and have accumulated a dose in excess
of one haf of the damage threshold shdl have a program in place to monitor and
ensure their continued performance. It is the best practice to replace materials before
they have reached the accumulated dose to cause a 25% degradation in materia
properties or an accumulated radiation dose of 3.7 x10” rads for Teflon. The damage
thresholds for some other polymeric materias are shown in Table 6.2-1.

Note: Common trade and commercid names of Teflon™-like materidsinclude:
Algotlon, Duroid, Fluon, Fluorocomp, Gore-Tex, Haon TFE, Hostoflon TF, Kdrez
perfluoroel astomer, Kd-F polychlorotrifluoroethylene, Neoflon, Polycomp, Polyflon,
and Teflon™.

Basis LANLsresponseto TA-55 Type A Investigation. (Reference 10.5)
Laboratory Corrective Action Plan, LANL 1D No. 00-019. (Reference
10.10) Teflon™ experiences sgnificant degradation of many mechanica
properties, including tensile strength, shear strength, dastic modulus,
impact strength, and eongation at lower radiation exposure levels than
most plastics. Table 6.2-1, extracted from the Materials Research
Society’ s April 1997 Bulletin shows the impacts of penetrating gamma
radiation exposure on Teflon™ relative to other common plagtics.
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Table6.2-1 Relative Stability of Plastics
Radiation Dosage for | Radiation Dosage
: Threshold Damage | for 25% Damage
Material (rad - gamma) (rad - gamma)
Polystyrene 8x 10° 4x10°
Phenol formaldehyde 39x10° 39x10°
(asbestos filler)
Polyester (minerd filler) 8.7 x 10° 39x 10°
Polyvinyl Chloride 1.9x 10 39x10°
Polyethylene 1.9x 10 9.3x 10
Urea formaldehyde 83x 10° 5.1x 10
(unfilled)
Monochlorotrifluoro- 1.2 x 10° 2x 10’
ehthylene
Cellulose acetate 27x10° 1.9x 10’
Phenol formaldehyde 2.7x 10° 1.1x 10
(unfilled)
Methyl methacrylate 82x10° 1.1x 10
Polyester (unfilled) 34x10° 87 x 10°
Polyetrafluoroethylene 1.7 x 10° 37x 10
(Teflon™)

“Radiation Effects on Organic Materials,” Nucleonics, Vol. 18, No. 9.

(Reference 10.9)

Basis Per DOE-HDBK-1132-99, (Reference 10.7) the generd rule for

elastomers used for sedling is that total radiation levels of 107 rads
represent the warning point that eastomers may be losing their ability to
maintain ased. At 10° rads, virtually al eastomers used for sedling lose
ther ability to maintain ased. Typicd faluresfor penetrating exposure
occur as aresult of compression s (i.e., the elastomer becomes brittle and
loses its ability to spring back). At 10° rads, on the other hand, the total
damege is rdaively minor, and most e asomers maintain their ability to
maintain ased. At 10’ rads, the ability of an dastomer to maintain ased
becomes totaly dependent on the chemical compounding of the elastomer
in question. It only takes about two weeks for an elastomer to receive 10’
rads at a dose rate of 2.88 x 10° radshr. Basisis not intended to imply
high dose rates are acceptable or recommendable. Research on surface
effects of dpharadiation is ongoing.
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7.0 RECOMMENDATIONS AND GOOD PRACTICES

The information provided in this section is recommended based on acceptable industry
practices, codes and standards, manufacturers recommendations, operating experience,
DOE/LANL Lessons Learned program, or engineering judgement and should be
implemented by each user based on his or her unique application and operating history
of the subject systems/equipmen.

7.1 Operations Recommendations

7.11 Polymeric sedls are not recommended for usein radiologica service wherefailureis
unacceptable and ether of the following apply:

Conservative estimates of radiation exposure exceed the damage thresholds.

Sedl replacement cannot be performed before significant degradation might
be expected of the polymeric materid.

In these ingtances, metd sedls are recommended. Metd seds are dso preferable
where outgassing or leakage is detrimentd, such asin radioactive or toxic gasand high
vacuum systems. The LANL Engineering Manud (Reference 10.8) Mechanical
chapter provides additiona information about sel selection.

Aninventory of polymeric sedsthat potentialy will incur a dose large than one hdf of
the damage threshold and that provide a safety barrier will be maintained. A postive
method to identify the sed will be provided in close proximity to the sed. This
positive identification can be abarcode or other identifying symbol. Informetion in
the inventory of these materials should include:

a Thelocation of the sedl.
b. Thetype of the sedl.
c. Theexpected time when the damage threshold is reached.

d. Preventive measures to determine the continued safety integrity of the sedling
meterid.

e. Other rdevant information

Alternative materias to Teflon such as polyethylene, EPDM, and EPR, have radiation
damage threshold vaues three to four orders of magnitude higher than that of Teflon.
Based on the EPRI studies, these materials would supposedly not reach their radiation
damage threshold for 1,000 to 10,000 times aslong as Teflon. Qualitatively, PEEK is
even more radiation resstant than polyethylene, EPDM, and EPR but by how much is
not known. Sdlection of seding materia must be based on chemica and temperature
compdtibility in addition to performance in radiation environments.

Basis LA-UR-00-5918, An Investigation and Literature Survey of the
Performance of Teflon and other Elastomeric Materidsin Radiolytic
Environments, Project No. MTL-MS-00-025. (Reference 10.6)
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7.2 M aintenance Recommendations
None.

8.0 GUIDANCE

This section provides guidance on how to implement the requirements and
recommendations delineated in Sections 6.0 and 7.0 above. The intent isto provide
guidance to the criterion user for the development and implementation of hisor her
program and to prevent each FMU/user from re-inventing the whed for acceptable
program development and implementation.

8.1 Operations Guidance
No implementing guidance available.

8.2 M aintenance Guidance

821 Damage Threshold Calculations

Conservative estimates should be made of the dose that any polymeric sedling
materids will incur during their expected operdting lifetime. These consarvative
estimates where possible should utilize measurements of the source term in the region
of application. Mitigating factors such asfilters should be taken account of in the
estimates. Where neutron or gamma radiation may cause sed failures radiation
surveys can be used to estimate the dose. The conservative estimates of dose aong
with the intended service lifetime should be compared to the damage thresholds to
develop an estimate of the fraction of the threshold that the materid would atain in its
operating lifetime.

9.0 DOCUMENTATION

9.1 Required Documentation

Record keeping shal be consstent with the facility’ s Qudity Assurance program.
- Sed inventory. (Section 7.1)
Periodic Inspections.
Expected time when damage threshold is resulted. (Section 7.1)
Record of sed replacement.

Basis Notice 51 pages 4 and 5 and compliance with the requirements of 10 CFR
830.120. (Reference 10.11)
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9.2 Recommended Documentation
None.
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